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Technical Field 

The present invention relates to laminate circuit structures, and more particularly 
to composite laminate circuit structures constructed from a plurality of modularized 
10 circuitized voltage plane subassemblies bonded together. The present invention also 
relates to a method for fabricating the laminate circuit structures. The present invention 
provides for planar, fine line extemal circuit flat lines and does not require an additional 
adhesive sheet nor glass cloth reinforcement. 

15 Background of Invention 

A conventional technique of forming a laminate circuit board structures includes 
forming layers of dielectric material and electrically conducting material to provide 
multiple layers of circuits and voltage planes. Voltage planes can be either ground plane 

20 or power planes, and are sometimes collectively referred to as power planes. 

Conventional printed circuit boards are typically constructed from glass cloth 
prepreg and copper. Normally copper clad laminates (CCL's) are circuitized and then 
"laid up" with other circuitized cores and additional sticker prepreg to form composites. 
Once laminated, conventional composite boards are drilled and then plated. While 

25 conventional boards can be either tri-plate or strip line constructions, both use 
conventional prepreg as sticker sheets. Both designs, especially stripline/buried via 
designs, also usually utilize signal to power plane referencing through the sticker sheet 
layer, on at least one side of the signal line. 

Composites constructed using 2S1P building blocks offer a number of advantages 

30 over conventional construction techniques. One of these advantages is testable 
impedance prior to composite lamination. The impedance is also predominately 
controlled by the core dielectric. This is a major advantage as core layer dielectrics are 
not effected by the complex geometries and fill requirements that occur at composite 
lamination. 2SlP's built with glass cloth free materials facilitate very high circuit density 



1 





by allowing very small, laser drilled holes to be made. One very important aspect of 
using 2SlP's to build high density composite printed circuit boards (PCBs) is the method 
used to adhere the 2SlP's into a composite board. 

Prior methods of making 2S1P cores involve drilling or etching clearance holes in 
5 bare sheets, e.g., 2 oz., 1 oz. and/or .5 oz., copper and then laminating and fully curing 
these with conventional prepregs or coated foils to produce a core that could be 
circuitized forming the signal planes. Likewise, prior OS IP's have been fabricated in 
similar manners. These methods are difficult to practice due to the problems associated 
with handling bare copper. 2SlP's can also be made by circuitizing one side of a core 

10 with the power pattern then relaminating additional prepreg or coated copper over the 
circuitized power pattern. 

Regardless of the method used to make the 2S1P cores, they must now be stuck 
together using additional "sticker" materials placed between the 2SlP's and the OSlP's. 
These additional sticker sheets contribute additional thickness and exacerbate all the 

1 5 problems associated with additional thickness. 

More recently, techniques have been provided that provide a relatively 
inexpensive photolithographic technique of forming a composite laminate structure from 
individual discrete laminate structures into a composite laminate structure. Along these 
lines see U.S. applications SN 09/203,945 entitled 'Two Signal One Power Plane Circuit 

20 Board," SN 09/203,978 entitled "Multi-Layer Organic Chip Carrier Package" and SN 
09/204,45 8(Docket No. EN9-96-122) entitled "Composite Laminate Circuit and Method 
of Forming the Same," entire disclosures of which are incorporated herein by reference. 

Although the structures and methods of these inventions provide significant 
advances and advantages over current printed wire board (PWB) fabrication methods, 

25 there still exists a need for further refinement. Therefore continuing efforts are underway 
in attempting to provide for even greater advantages. 



making possible higher density PCBs with fewer processing steps. The subject invention 
teaches new ways to form 2S1P and OS IP components using novel methods, some of 
which also simplify or solve problems of how to adhere these components together into a 



Summary of Invention 
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The present invention makes possible thinner laminate circuit structures, and therefore 
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composite, in some cases without the corresponding increase in composite thickness 
necessitated by the prior art. 

In addition, the structures of the present invention do not require glass cloth 
reinforcement. 

5 The present invention improves and simplifies the process for customizing the 

power planes as well as opening up numerous new possibilities in methods to construct 
the component cores. 

The present invention comprises novel ways for adhering together the 
subassembUes. 

10 The 2S1P and OS IP structures taught by the present invention each comprise two 

basic variations. Methods 1, 3, and 5 disclosed below describe how to build 2S1P 
structures without via holes. OS IP methods 1 through 4 disclosed below each describe 
methods of building OS IP structures each with an option to form conductive holes 
through the structure. 2S1P methods 1,3, and 5 and all of the OS IP methods disclosed 

1 5 below without the conductive hole option exercised are intended for use in composites in 
which the electrical interconnection scheme will be by conventional composite through 
hole drilling and plating, thus the conductive pathways will be formed at the composite 
level. Therefore no need exists for drilling and plating or drilling and filling vias or 
through holes at the sub component level. 2S1P options 2, 4, and 6 and all of the OSIP 

20 options disclosed below in which the optional through holes have been formed are 
intended for use in composites in which advanced non-conventional interconnect 
methods will be employed. Some of these methods include, stacked holes filled with 
conductive adhesive, stacked dendrite contact, or metal to metal joining. 

More particularly, the laminate circuit structure assembly of the present invention 

25 comprises at least two modularized circuitized voltage plane subassembhes wherein each 
of the subassemblies comprise at least two signal planes disposed about an internal 
voltage plane. Dielectric material is located between the signal and voltage planes. 
Dielectric is also present on each external surface of each signal plane. 

The subassemblies are bonded together into composites with the same dielectric 

30 compositions which are used to construct the subassemblies. This is a strategically 
important part of the invention. For the purposes of physically bonding the 2S1P and 
OSIP assemblies no unique adhesives need be used. Additional process steps, (not 
shown), will be needed to effect electrical interconnection between the vias. For instance, 




if stacked vias filled with conductive adhesive is the chosen method of interconnection, 
then each time a 2S1P via is filled or a OS IP through hole is filled, they will need to be 
filled with a conductive adhesive instead of the standard dielectrics as described herein. If 
stacked dendrites, stacked solder connections or stacked liquid phase metal joining are to 
5 be used then filling with the dielectric materials as described is acceptable. These aspects 
are not discussed at length or detail in this application since alterations necessary to the 
adopt the described electrical interconnection methods will be apparent to those skilled in 
the art. 

Optionally, an interposer can be located between each of the subassemblies and 

10 the cured dielectric wherein the interposer comprises dielectric layers disposed about an 
internal electrically conductive layer. 

The present invention also relates to a method for fabricating a laminate circuit 
structure assembly. The method comprises providing at least two modularized circuitized 
voltage plane subassemblies wherein each of the subassemblies comprise at least two signal 

1 5 planes disposed about an internal voltage plane. The signal planes each have an external 
surface and an internal surface. Dielectric material is located between the signal and voltage 
planes. At least one via is disposed within each subassembly for providing electrical 
communication between the signal planes and electrical connection to another of the 
subassemblies. Dielectric is also provided on each external surface of each signal plane. 

20 An uncured or partially cured curable dielectric composition is located between the 

subassembhes. The dielectric composition may comprise, various thermosetting resins 
such as BT epoxy, (bismaleimide-triazine/epoxy blends), difunctional or multifunctional 
epoxies, cyanate ester resins, polyimide resins, allyated PPO, (polyphenylene ether oxide 
resins), or cross linked butadiene rubber, or, optionally, various thermoplastic resins such 

25 as thermoplastic polyimides, various fluoroploymers, or PPO. 

Optionally, an interposer can be located between the subassemblies wherein the 
interposer comprises dielectric layers are disposed about an intemal electrically conductive 
layer. 

The structure is then laminated to cause bonding of the interposer to the 
30 subassemblies. 

Still other objects and advantages of the present invention will become readily 
apparent by those skilled in the art from the following detailed description, wherein it is 
shown and described preferred embodiments of the invention, simply by way of illustration 



of the best mode contemplated of carrying out the invention. As will be realized the 
invention is capable of other and different embodiments, and its several details are capable 
of modifications in various obvious respects, without departing from the invention. 
Accordingly, the description is to be regarded as illustrative in nature and not as restrictive. 
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Summary of Drawings 



Figure 1 illustrates a 2S1P structure with vias according to the present invention. 

Figure 2 illustrates a OS IP structure with vias according to the present invention. 
1 0 Figure 3 illustrates a structure of the present invention after laminating. 

Figure 4 is a flow chart illustrating various alternative sequences that can be 
followed pursuant to the present invention. 

Figure 5 is a flow chart illustrating various altemative sequences that can be 
followed pursuant to the present invention. 
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Best and Various Modes for Carrying Out Invention 



In order to facilitate an understanding of the present invention, reference will be 

made to the figures wherein the same numerals in different figures refer to the same or 
20 corresponding structures. Also in order to facilitate an understanding of the present 

invention, reference will be made to structures from 2S1P (2 signal plane - 1 power 

plane) and OS IP (0 signal plane - 1 power plane) components. 

Typically, the primary technique for fabricating the above subassembly 

components comprises applying a sheet of resin, (carried either on copper foil or, on an 
25 organic, peelable carrier fihn such as polyester), to either one or both sides of a 1 oz. or 

0.5 oz. double treated copper sheet. During application the resin may or may not be fiiUy 

cured. 

Process flows to fabricate 2S1P and OS IP subassembUes, covering a number of 
variations dependent on whether the power plane patterns are to be personalized by etching 
30 or drilling, and whether or not they will contain vias will be discussed herein. 

It should be understood that, in many cases carrier foils made out of altemative 
metal can be substituted for copper. 
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Additionally while this specification will largely disclose stractures built with 
resin coated metal foils and resin coated organic carrier foils, it will be apparent to those 
skilled in the art that the same structures can be formed with slight process alterations 
using conventional epoxy glass prepregs. 

5 

Method 1 - 

2S1P components with etched power planes and no-vias (fully cured version). 
The fully cured version 2S1P components having etched power planes and no vias 
can be fabricated by laminating two resin coated copper sheets or a coated copper sheet and 
10 a copper sheet and fully curing the resin. The resin can be an organic thermoplastic or 
thermosetting resin. A typical resin coated sheet is available under trade designation RCC 
from Allied Signal Laminate Systems. The foil layer which is subsequently to become the 
Q power plane is preferably double treated. Double treat is copper foil which has had a rough 

copper oxide/brass adhesion promotion layer appHed to both sides. 
\j\ 15 The copper layer which is to become the power plane is pattemed using 

n conventional photolithographic techniques, while the copper layer on the other side, 

in which is to become one of the signal layers is protected with a blanket exposed layer of 

^= photoresist. The copper used to form the power plane is, most preferably a double treat 

i| J copper. Single treated copper can be used for the power plane layer but will also require 

I y 20 the additional adhesion promotion treatment appHcation described below. 

;;L; The structure is relaminated with another resin coated copper sheet and the resin is 

fully cured. The two outside signal pattems are then photo patterened and etched. 

Additional optional planarization and/or adhesion steps can be carried out. For 
example, an adhesion promotion step can be employed such as applying an oxide treatment 
25 or alternative adhesion promotion treatment, especially if single sided treatment copper 
were used in forming any of the above power or signal layers. Suitable adhesion 
promotion treatments include, but are not limited to, copper oxide formation treatments, 
reduced copper oxide treatment, various silane treatments, tin oxide/silane treatments, 
and micro etch treatments with Entek or BTA passivation, or the like. One specfic 
30 example of an acceptable adhesion promotion treatment is Attotech corporation's 
BONDFE.M treatment. The thicknesses of these treatments as recommended by the 
suppliers of these treatment chemistries are generally acceptable for the purposes of the 
present invention. 



The structure can then be relaminated with another resin coated copper sheet. This 
layer of dielectric is applied primarily to act as the adhesive at the composite level. This 
outer layer of dielectric will be partially cured. The surface can be planarized by well 
known techniques. If desired this resin can be cured, partially cured or remain uncured. If 
5 the cure is advanced to only the B-stage, this dielectric can be used later as an adhesive 
during composite lamination. 

The copper carrier is etched or the film carrier, if present, is peeled away. 

Method 2 - 

10 2S1P components with etched power planes and vias (fully cured version). 

The fully cured version 2S1P components having etched power planes and vias can 
be fabricated by laminating two resin coated copper coated sheets or a resin coated copper 
sheet and a copper sheet and fully curing the resin. The foil layer which is subsequently to 
become the power plane is preferably double treated. 

15 A photoresist is applied using conventional techniques. The pattem on the power 

plane side is exposed and the signal core side, which is to be protected is blanket exposed. 
The photoresist on both sides is developed, etched, and stripped on both sides creating the 
power plane hole pattem using conventional techniques. Some adaptation such as etching 
frames to prevent curling may be desirable. An adhesion promotion step can be employed 

20 such as applying an oxide treatment or alternative adhesion promotion treatment, 
especially if single sided treatment copper were used in forming any of the above power 
or signal layers. 

The structure is then relaminated with another resin coated copper sheet followed 
by fully curing the resin. If desired, the outside copper foils are etched down using fluid 
25 head etching. Fluid head etching is a technique which is capable of very uniformly 
etching down the thickness of a large copper surface. This is often done to thin the 
outside copper layer down so that additional copper can be deposited in the drilled holes, 
(and on the etched surface), without the differences in thickness between the two being 
too great. 

30 The desired vias are then drilled and the holes and surfaces are then blanket plated 

with a conductive metal such as copper. The drilling can be carried out by mechanical or 
laser drilling. If desired, the holes can optionally be filled with a conductive adhesive, using 
a conventional hole fill process. The plated holes are then tented over by applying a 



photoresist using conventional techniques. Both sides are exposed to the signal patterns. The 
two outside signal planes are created by developing, etching, and stripping the photoresist 
using conventional techniques. 

Additional optional planarization and/or adhesive application steps can be carried 
5 out. For instance, an adhesion promotion process can be employed such as applying an 
oxide to the copper signal plane features. 

The structure is then relaminated with another resin coated copper sheet or a resin 
coated film is applied to fill the via holes. The surface is planarized by well know 
techniques. If desired, the resin can be cured, partially cured or left uncured. 
1 0 The copper is then etched or the fihn carrier, if present, is peeled away. 

Method 3 - 

2S1P components with drilled power planes and no vias (fiiUy cured and 
relaminated version). 

15 The fiiUy cured and relaminated version of 2S1P components having drilled power 

planes and no vias can be fabricated by laminating two resin coated copper sheets onto a 
sheet of double treated copper. The copper foils are then etched on both sides of the 
structure. The power clearance hole pattem is created by drilling through the entire structure. 
An adhesion promotion step can be employed such as applying an oxide treatment or 

20 altemative adhesion promotion treatment. The structure is then relaminated with another 
pair of resin coated copper sheets thereby filling the holes followed by fiiUy curing the resin. 
The resin fi*om the second pair of resin coated copper sheets fills the holes. 

A photoresist is applied using conventional techniques. Both sides are exposed to the 
signal patterns. The two outside signal planes are created by developing, etching, and 

25 stripping the photoresist by using conventional techniques. 

Additional optional planarization and/or adhesive appUcation steps can be carried 
out. For example, an adhesion promotion step can be employed such as applying an oxide. 
The structure can then be relaminated with another resin coated copper sheet or a resin 
coated fihn can be appUed. If desired, the resin can be cured, partially cured or left uncured. 

30 If the cure is advanced to only the B-stage, this dielectric can be used later as an adhesive 
during composite lamination. The copper is etched or the film carrier, if present is peeled 
away. 
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Method 4 - 

2S1P with drilled power planes and vias (fully cured and relaminated version). 

The fully cured and relaminated version of 2S1P components having drilled power 
5 planes and vias can be fabricated by laminating two resin coated copper sheets onto a sheet 
of double treated copper. The copper foils are then etched off both sides of the structure. 
The power clearance hole pattern is created by drilling through the entire structure. An 
adhesion promotion step can be employed such as applying an oxide treatment or alternative 
adhesion promotion treatment. The structure is then relaminated with another resin coated 
1 0 copper sheet thereby filling the clearance holes. The resin is then fully cured. 

If needed, the outside foils can be etched down such as by fluid head etching. 

Vias are then drilled in the structure followed by blanket plating a conductive metal 
in the holes and over the surface. A photoresist is applied using conventional techniques. 
Both sides are exposed to the signal pattems. The two outside signal planes are created by 
1 5 developing, etching, and stripping the photoresist by using conventional techniques. 

Additional optional planarization and/or adhesive application steps can be carried 
out. For example, an adhesion promotion step can be employed such as applying an oxide. 
The structure can then be relaminated with another resin coated copper sheet or a resin 
coated film can be applied to fill the via holes. If desired, the resin can be cured, partially 
20 cured or remain uncured. If the cure is advanced to only the B-stage, this dielectric can be 
used later as an adhesive during composite lamination. The copper is then etched or the film 
carrier, if present, is peeled away. The surface is planarized by well known techniques to 
remove excess resin. 

In addition, an adhesion promotion step can be employed at this stage such as 
25 applying an oxide treatment or altemative adhesion promotion treatment. 

Method 5 - 

2S1P with drilled power planes and no vias (non- fully cured and relaminated 
version). 

The non-fiiUy cured and relaminated version of 2S1P components having drilled 
30 power planes and no vias can be fabricated by applying two resin coated films to both 
sides of a sheet of double treated copper. The cure is not advanced at this stage. The 
copper foils are etched off both sides of the structure or the carrier film is peeled away. 
The power clearance hole pattern is created by drilling through the entire structure. An 




adhesion promotion step can be employed such as applying an oxide treatment or alternative 
adhesion promotion treatment. The structure is then relaminated with copper foil on both 
sides and the uncured resin is reflowed thereby filling the holes. Optionally, instead of 
copper an additional resin coated copper sheet can be used to assist in hole fill. If 
5 desired, the outside copper foils are etched down using fluid head etching. Fluid head 
etching is a technique which is capable of very uniformly etching down the thickness of a 
large copper surface. This is often done to thin the outside copper layer down so that 
additional copper can be deposited in the drilled holes, (and on the etched surface), 
without the differences in thickness between the two being too great. The resin is then 

1 0 fully cured. A photoresist is applied using conventional techniques. Both sides are exposed 
to the signal patterns. The two outside signal planes are created by developing, etching, and 
stripping the photoresist by using conventional techniques. 

Additional optional adhesive application steps can be carried out. For example, the 
structure can be relaminated with a resin coated copper sheet or a resin coated film can be 

1 5 applied. The cure is not advanced. If the cure is advanced to only the B-stage, this dielectric 
can be used later as an adhesive during composite lamination. The copper is then etched or 
the film carrier, if present, is peeled away. 

Method 6 - 

20 2S1P with drilled power planes and vias (not fully cured after relamination version). 

The non-fiilly cured after relamination version of 2S1P components having drilled 
power and vias can be fabricated by applying two resin coated fibns to both sides of a sheet 
of double treated copper. The cure is not advanced at this stage. The copper foil is etched 
off both sides or the carrier film (typically Mylar) is peeled off both sides. The power 

25 clearance hole pattern is created by drilling through the entire structure. An adhesion 
promotion step can be employed such as applying an oxide treatment or alternative adhesion 
promotion treatment. The structure is then relaminated with another copper foil on both 
sides and the uncured resin is caused to reflow filling the holes. Optionally, resin coated 
copper sheets can be applied instead of plain treated copper to assist in the hole fill. The 

30 resin is then fiilly cured in this lamination step. The outside foils are etched down, typically 
using a fluid head etch. 

The vias are then drilled followed by blanket plating the holes and surfaces with a 
conductive metal such as copper. Optionally, the vias can be filled with a conductive 

10 



adhesive. A photoresist is applied using conventional techniques. Both sides are exposed to 
the signal patterns. The two outside signal planes are created by developing, etching, and 
stripping the photoresist by using conventional techniques. 

Additional optional planarization and/or adhesive application steps can be carried 
5 out. For example, an adhesion promotion step can be employed such as applying an oxide. 
The structure can then be relaminated with another resin coated copper sheet or a resin 
coated fibn can be applied to fill the via holes. The planarization can be carried out by well 
known techniques. If desired, the resin can be cured, partially cured or remain uncured. If 
the cure is advanced to only the B-stage, this dielectric can be used later as an adhesive 
10 during composite lamination. The copper is etched or the fihn carrier, if present, is peeled 
away. 

In addition, an adhesion promotion step can be employed at this stage such as 
applying an oxide treatment or alternative adhesion promotion treatment. 

Altematively, any of the above processes can be modified such as by performing the 
1 5 signal and/or power plane circuitization steps using additive circuitization as is well known 
in the art. 

Method 7 - 

OS IP with etched power planes (fullv cured version). 

20 OS IP components having etched power planes can be fabricated by laminating 

two resin coated copper sheets or an resin coated copper sheet and a copper sheet and 
fully curing the resin. The foil layer which is subsequently to become the power plane is 
preferably double treated. The power pattern is then etched on one side while protecting 
the foil on the other side. An adaptation such as etching firames to prevent curling may be 

25 desirable. The structure is relaminated with another resin coated copper sheet on one side 
only and the resin is fiilly cured. 

The outside copper layers are etched or the film carrier is peeled away by 
conventional techniques. Optionally, holes can be drilled by mechanical or laser drilling. 
Also the surface and holes, if present, can be blanket seeded and plated with a conductive 

30 metal using conventional techniques. The plated holes, if present, can optionally be tented 
over by applying a photoresist using conventional techniques. Both sides are exposed to the 
signal patterns. The two outside signal planes are created by developing, etching, and 
stripping the photoresist using conventional techniques. 

11 




Additional optional adhesion promotion steps can be carried out. For instance, an 
adhesion promotion process can be employed such as applying an oxide to the copper signal 
plane features. If desired, the holes can optionally be filled with a conductive adhesive, 
using a conventional hole fill process and excess adhesive removed. 
5 Additional optional adhesive application steps can be carried out. For example, the 

structure can be relaminated with another resin coated copper sheet or a resin coated film 
can be applied. The cure is not advanced. The copper is etched or the film carrier, if 
present, is peeled away. 

The copper is then etched or the fihn carrier, if present, is peeled away. The surface 
10 is planarized by well known techniques to remove excess resin. 

hi addition, an adhesion promotion step can be employed at this stage such as 
applying an oxide treatment or alternative adhesion promotion treatment. 

Method 8 - 

15 OS IP with drilled power planes (fully cured version). 

The fiiUy cured version of OS IP components having drilled power planes can be 
fabricated by applying two resin coated copper sheets to both sides of a sheet of double 
treated copper. The cure of the resin is not advanced at this stage. The copper foils are 
etched or the carrier film (e.g.. Mylar) is peeled off both sides of the structure. The power 
20 clearance hole pattem is created by drilling through the entire structure. Additional 
optional adhesive promotion steps can be carried out. For instance, an adhesion promotion 
process can be employed such as applying an oxide. 

The structure is relaminated with additional resin coated copper sheets or resin 
coated films whereby the resin fills the holes. The resin is then fially cured. 
25 The two outside copper foils are etched or the two carrier fihns are peeled off 

Optionally, holes can be drilled by mechanical or laser drilling. Also the surface 
and holes, if present, can be blanket seeded and plated with a conductive metal using 
conventional techniques. The plated holes, if present, can optionally be tented over by 
applying a photoresist using conventional techniques. Both sides are exposed to the signal 
30 pattems. The two outside signal planes are created by developing, etching, and stripping the 
photoresist using conventional techniques. 

Additional optional adhesive promotion steps can be carried out. For instance, an 
adhesion promotion process can be employed such as applying an oxide to the copper signal 
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plane features. If desired, the holes can optionally be filled with a conductive adhesive, 
using a conventional hole fill process and excess adhesive removed. 

Additional optional adhesive application steps can be carried out. For 
example, the structure can be relaminated with another resin coated copper sheet or a resin 
5 coated copper film can be applied. The cure of the resin is not advanced. The copper is 
etched or the fihn carrier, if present, is peeled away. The copper is then etched or the film 
carrier, if present, is peeled away. The surface is planarized by well known techniques to 
remove excess resin. 

In addition, an adhesion promotion step can be employed at this stage such as 
1 0 applying an oxide treatment or alternative adhesion promotion treatment. 

Method 9 ~ 

OS IP with drilled power planes (non-fiilly cured after first lamination and then fully 
cured after second lamination version). 

15 The version of OS IP having drilled power planes and being non- fully cured after 

the first lamination but fully cured after the second lamination can be fabricated by 
laminating two resin coated copper coated sheets or applying two resin coated copper 
films to both sides of a sheet of double treated copper. The cure of the resin is not 
advanced at this stage. The copper foils are etched off both sides, or the carrier film is 

20 peeled off The power clearance hole pattern is created by drilling through the entire 
structure. In addition, an adhesion promotion step can be employed at this stage such as 
applying an oxide treatment or altemative adhesion promotion treatment. 

The structure is relaminated with copper, shiny copper foil or a release sheet on 
both sides of the copper foil. Optionally, resin coated copper sheets can be applied instead 

25 of plain treated copper to assist in the hole fill. The uncured resin is reflowed filling the 
holes followed by curing the resin. The copper is etched or the shiny copper is peeled off 
or the release film is peeled off 

Optionally, holes can be drilled by mechanical or laser drilhng. Also the surface 
and holes, if present, can be blanket seeded and plated with a conductive metal using 

30 conventional techniques. The plated holes, if present, can optionally be tented over by 
applying a photoresist using conventional techniques. Both sides are exposed to the signal 
patterns. The two outside signal planes are created by developing, etching, and stripping the 
photoresist using conventional techniques. 
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Additional optional adhesive promotion steps can be carried out. For 
instance, an adhesion promotion process can be employed such as applying an oxide to the 
copper signal plane features. If desired, the holes can optionally be filled with a conductive 
adhesive, using a conventional hole fill process and excess adhesive removed. 
5 Additional optional adhesive application steps can be carried out. For example, 

the structure can be relaminated with another resin coated copper sheet or a resin coated 
copper film can be applied. The cure of the resin is not advanced. The copper is etched 
or the film carrier, if present, is peeled away. The surface is planarized by well known 
techniques to remove excess resin. 
10 In addition, an adhesion promotion step can be employed at this stage such as 

applying an oxide treatment or alternative adhesion promotion treatment. 



Method 10- 

15 OS IP with drilled power planes (non-fiiUy cured version). 

The non-fiilly cured version of OS IP components drilled power planes can be 
fabricated by laminating two resin coated copper sheets or by applying two resin coated 
copper films to both sides of a sheet of double treated copper. The cure of the resin is not 
advanced. 

20 The copper foils are etched off both sides or the carrier film is peeled off The 

power clearance hole pattern is created by drilling through the entire structure. In 
addition, an adhesion promotion step can be employed at this stage such as applying an 
oxide treatment or altemative adhesion promotion treatment. 

25 The structure is relaminated with copper, shiny copper foil or a release film, such 

as Teflon. The uncured resin is reflowed filling the holes. Optionally, resin coated copper 
sheets can be applied instead of plain treated copper to assist in the hole fill. The resin cure 
is not advanced. The copper foil is etched or the shiny copper or release film is peeled 
off 

30 Optionally, holes can be drilled by mechanical or laser drilling. Also the surface 

and holes, if present, can be blanket seeded and plated with a conductive metal using 
conventional techniques. The plated holes, if present, can optionally be tented over by 
applying a photoresist using conventional techniques. Both sides are exposed to the signal 
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patterns. The two outside signal planes are created by developing, etching, and stripping the 
photoresist using conventional techniques. 

Additional optional adhesive promotion steps can be carried out. For 
instance, an adhesion promotion process can be employed such as applying an oxide to the 
copper signal plane features. If desired, the holes can optionally be filled with a conductive 
adhesive, using a conventional hole fill process and excess adhesive removed. 

Additional optional adhesive application steps can be carried out. For example, 
the structure can be relaminated with another resin coated copper coated sheet or a resin 
coated copper film can be applied. The cure of the resin is not advanced. The copper is 
etched or the film carrier, if present, is peeled away. The surface is planarized by well 
known techniques to remove excess resin. 

Li addition, an adhesion promotion step can be employed at this stage such as 
applying an oxide treatment or alternative adhesion promotion treatment. 

It is understood that various modifications of any of the above methods can be 
employed if and when desired. For instance, instead of using a double treated double 
sheets for fabricating power planes, a single treated foil can be used. However, such 
would require an additional adhesion promotion step at an appropriate stage. Likewise, it 
may be desirable especially from a cost effectiveness standpoint to employ conventional 
hole fill techniques for the through vias instead of the relamination with a resin coated 
copper sheet . Also, etch power plane techniques can be used in producing 2S2P and 
0S2P cross sections. These core structures offer certain advantages in constructing 
stripline cross sections, including improved capacitance, power distribution and thickness 
reduction. 

Furthermore, if desired hybrid structures such as performing the above resin 
coated copper sheet or film carried resin processing can be formed on conventional glass 
containing prepreg cores, thereby potentially reducing cost by both material and 
processing saving^. This would apply particularly to conventional double sided etched 
cores used as the starting point for 2S2P and 0S2P structures. 

In any event, the above described 2SlPs and if desired OSlPs can be laid up next 
to each other in various combinations to form for example tri-plate or stripline structure 
provided that at least one of adjoining subassemblies contains uncured resin on its outside 
surface to act as an adhesive bonding layer. If desired, all of the cores can have the 
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uncured or B-staged sticker coating or only every other core needs to have an adhesive 
layer thereon. 

According to the present invention, the dielectric compositions employed as the 
adhesive comprise the following ingredients and in the follov^ing relative amounts: 
5 One important consideration in dielectric or adhesive selection is whether 

or not material will be expected to withstand exposure to water, (during 
photolithographic processing and etching), while in the B-staged or uncured state. Some 
materials are capable of this while such exposure causes irreversible detrimental changes 
in others, such as inabihty to be fully cured at a later time. Thus selection of an 

10 appropriate dielectric for the intended build methodology is important. The BT/epoxy 
blends, various epoxies and cyanate esters, are examples of materials which can tolerate 
moisture exposure while B-staged and still be successfully fully cured later. The APPE 
and most polyimides are examples of materials that are not water tolerant in the B-stage. 
Thermoplastic materials in general are water tolerant. Materials that are not water 

1 5 tolerant can be used in many of the build methodologies described earlier, but not the 
methodologies which require relamination after exposure to water. 

Typical acceptable BT formulations include, but are not limited to, BT/epoxies 
comprising about 4% bismaleimide polyimide, about 20 % brominated difunctional 
epoxy, about 5% tetrafunctional epoxy, about 20% highly brominated epoxy, and about 

20 30% cyanate ester resin with about .03% zinc octuate added as catalyst. Other acceptable 
commercially available BT/epoxies include the Mitsubishi 830 and 832 BT/epoxy 
formulations. These materials are water tolerant in the B-stage. 

Acceptable epoxies include most of those that do not contain DICY, 
(dicyandiamide), and include, but are not limited to, Ciba 8123, and Shell 2414 both of 

25 which use approximately .15% 2-methylimiazole as the catalyst. These materials are 
water tolerant in the B-stage. 

Acceptable cyanate esters include N-7000 sold by Nelco. This material is 
water tolerant in the B-stage. 

Acceptable APPE materials include S-2100, S-2122, S-3100 and S3 122 and the 

30 coated copper version of these PC-5 100, made by Asahi Chemical and 

equivalent products. Also acceptable is the polymer coated film APPE material made by 
Asahi. These materials are not water tolerant in the B-stage. 
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The thickness of the coated material used depends on many factors including the 
weight of the power plane, whether the holes are etched or drilled, what the desired 
finished board electrical impedance is, and whether the subject dielectric layer is being 
used to fill power plane holes, signal planes vias, or simply as the adhesive layer. In 
5 general thickness of about 1.5 to about 2.0 mils appHed to either side of the etched power 
plane copper are sufficient to fill the holes. The thickness required to fill holes drilled in 
power planes and the adjacent dielectric depends on whether the adjacent dielectric was 
B-staged or fully cured when it was applied, but generally about 2.0 to about 2.5 mils 
apphed to both sides of the drilled power plane assembly will fill the drilled holes. 

10 Dielectric layers whose job is to act as the adhesive layer at composite lamination can be 
between about 0.25 and about 1.0 mils thick depending on whether the outside surfaces 
of every component are coated or if only every other component is coated. 

The lamination of the structure is typically carried out at temperatures of about 
100° to about 200°C for about 15 minutes to about 90 minutes and at a pressure of about 

15 100 psi to about 500 psi. 

It has been determined according to the present invention that the uncured or 
partially cured compositions employed can be exposed to the liquid processing chemicals, 
dried, subsequently reflowed or reflowed and then cured thereby enabling one coating pass 
to perform multiple Amotions as contrasted to prior techniques which required several 

20 coating passes. These functions include, stiffening and improving the handling of thin 
copper sheets, flowing to fill holes and planarizing, and reflowing to adhere layers of a 
composite together. The compositions employed pursuant to the present invention exhibit a 
combination of having low moisture absorption, low chemical interaction with moisture, 
being slow curing over a wide temperature range between flow onset and cure, and has 

25 particular flow characteristics. This combination of characteristics makes it possible to 
achieve the various objectives according to the present invention. 

Figure 1 illustrates a 2SIP subassembly with vias after planarization wherein, 
numeral 1 represents first dielectric layers and numeral 2 represents a power plane. 
Numeral 3 represents second dielectric layers. Numeral 4 represents signal lines and 5 

30 represents signal via. Numeral 6 represents power connected via and 7 represents a 
conductive adhesive filled via. Numeral 8 represents drilled or etched clearance hole. The 
subassembly of Figure 1 can be fabricated by Methods 2, 4 and 6. 
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Figure 2 illustrates a OSIP subassembly with vias wherein numeral 1 1 represents a 
B-staged dielectric adhesive and 12 a power or ground plane. Numeral 13 represents 
conductive adhesive filled via and 14, a resin filled clearance hole. 

Figure 3 illustrates, a structure of the present invention after laminating wherein 
5 numeral 20 represents 2SIP subassemblies according to Figure 1 and 21 represents OSIP 
subassembly according to Figure 2. 

The foregoing description of the invention illustrates and describes the present 
invention. Additionally, the disclosure shows and describes only the preferred 
embodiments of the invention but, as mentioned above, it is to be understood that the 
10 invention is capable of use in various other combinations, modifications, and 
environments and is capable of changes or modifications within the scope of the 
inventive concept as expressed herein, commensurate with the above teachings and/or the 
skill or knowledge of the relevant art. The embodiments described hereinabove are 
further intended to explain best modes known of practicing the invention and to enable 
1 5 others skilled in the art to utilize the invention in such, or other, embodiments and with 
the various modifications required by the particular applications or uses of the invention. 
Accordingly, the description is not intended to limit the invention to the form disclosed 
herein. Also, it is intended that the appended claims be construed to include alternative 
embodiments. 
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